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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride 
semiconductor light-emitting element which has high 
light-emitting efficiency and a low operating voltage. 
SOLUTION: In a p-type layer of a nitride semiconductor 
light-emitting element, hydrogen concentration is 
reduced when a p-type contact layer 7 is grown to 
increase an activation rate of p-type impurities. Also, 
the hydrogen concentration is increased, when a p-type 
clad layer 6 is grown to maintain high crystallinity. Thus, 
overall coordination of electrical characteristics and 
crystallinity in the p-type layers is achieved. 
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nlit, Mit, piit* s )St:ti 

zufzmmmikt^ ink pim us 1,-08*3*.*: P « 
set, twitfcafkw^fMM^T-uiJv^r, 
«HBpfa«* f , mrfBpiim«ugi-&iiut£i7<b*t£« 

lOplit, UirfBfcl OpM^i •) ^MISpfliM^ 
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5Rx*t LrN^^ttrA 1 G a I nNT-$$K 

-i) o 

[ooo3] i«?a'ft!»iimflttfflv^i6jtae^-<o«js 

ffitt, +77-17^5 iC, Ga N^tJ> e> 

fi LfcKJ&*l*]t= 3 ^xm<oil«*-^ t Lxmm&RIt 

te^iiX. ( h **f-A>1f*) -7 A (ttT, TTMGJ iB& 

h'J^f A-T^^-'JA (JilT\ l~TM 40 

AJ i:B&fo-r&„ ) , h ';*^;i"f >v^a (Jii>T, 

ttmij tB&#-r^ 0 > m t, 5«67c*o«3H-*"^ 

fci-f70ot;-i io oto&is-c-is^LT, 

u nil tf&Tfri fc pit t zmmz-trzixb zmm 

WiR«i:Lt*yy7> (SiH«) ^>y;u-7> 
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K-ftiC n miils J: U'p fllii'M f 7 

[0 0 0 4] fflffcft#*ftH±, &*pS{SStf ? »<b*tSi 

pffl<R*OtO»* t ?rfi|i:4ofc. C*L?>0^ftUJ:*t 

S^I.H?.jt^7--^t-«t 0, pI^it^L 
Tpffl*«ftfc*ftte<kL.-C^4;jc*£ pl^fttW 

-tt-&^t{z«t>), aft»**#*pam:-p&.&o ^ur 
Wkmjj&tztix^Zo 

[0 0 0 5] Ltf'U :07;-^l3v>tli« »«t 

fcuar*. pffl^«»t**ott-&t«j 
d i-*B#is»-**» sex, *sif**q¥«E-r4pjaafk 

[0 0 0 6] ZffXffl&Zm&irZJjmt L,T, 
0^ 1 3 5 5 7 5 i:5S^*lTV^ili:, pi^ift 

gjfv #7|:^t'J7#^ t LT^-i^^Ttc^Oi^fg:® 
■T^ittcioT, pffl^«!»i:**Oi»-S-0»«:4:«l 
ffl U as-grown T-p Ifii?-#l>^ft)J s S$§ 
tLT^So Sfc, App I. Phys. Lett. 
Vol.72 No. 14 p. 1748 (199 

8) iz&m—ffiftrn'-rrizzzftMZ&mm&tfTiiZ 
tix& *) , **»K**2 . 4 %WT-eA«F 4 p SWWfc 

fk**^trv»4 0 ) o 

[0 0 0 7] 

t»W**j!f*LJ: 9 t-r&mm L^L't*^, ±fB<75 
*tt*»*fkL*v». MoT, #A-';7-*-X«P<737K^iSJS 

**d> $ ^&ftx—mz P aw^fft t > p 
izi&mi-z P mmmt<Dmx-&tt%*- 5 » ^ 

[0 0 0 8] ^mza^xm^-t^uksnt. pie 
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lb********* 4 d t -e* 4 o 

(0 0 0 9) 

t)ftt*20 P aii»10piIlJ: »9 ^tK^SSO* 

51^*6* OiS1tfts|5S:* (fo; fc 4 i t *l.aj 

[0 0 10] lOi-j fttSfiScHitUf, pMSKi3tt4 
p Sm^i#14 fc ttatttffljJ: LfclS**^ ofEa**iTlSfe 

[0 0 1 1 ] 

oplii >? ^mrlfipfflijmM^^itv^tcKtt^n/j* 
2«?)plii:©^<ttroopSi^f,i() > frfB 

» i o p mm i*i ^ P m^MVuTtm izn-r 4 im 

7tm<r>itm&, i»E*2<0pS*rtt::#«E-f4pH*irt 

t*a-ftw**fr«**^*»), «iopaii:£v> 

pitt pffljsM<o^--5 ? ?mmm%* so 

[0 0 1 2] »*«2USE«W«^tt, ttSpffil^lf 
Sr. fffe»2<0pM^^^«1-4l^tcR^l : |*lH^1- 
*?-e*!K il<0pIfWT«[li:i4*2WpIi 

[ o o i 3 1 m $g 3 uie«oi6Wtt, «rlE* iopi 40 

iOf ?* s 5 nrnHl, JLo 1 0 0 n mJilTT'* 4 £ t 

[0 0 14] JfllTtc, «^<7)*IOfiW^M^, 
Hffi £ #BB L £ ri* <b 1" 4 „ 

[0 0 15] BIUi*»W<0-*ift<0JK»l-#4afb* 

[0 0 16] *$k1fo<0MMlzi$^X&-> gllOpMfli 
pl?7 7 KJf6, »2(0pS§l±pIn>?^ h»17 50 
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[0 0 17] 1211 (ifc^T, £l£l<7)±t-, /<7 7t| 
2r^LT, nM^>?;> hi 3 ni?7 7H4' 

«*i5t, Sl<0pIiiLTpI^77Ki6 
t > *2©pIitUpl3>?^H7t > 

>t-V >^fc6<?)plll9^M§Htv>|, 0 pi 

^3coS®i-(±n«^gi OT^ffM^ftTv^o 
[0 0 18] m&l dli, t77-f7, GaN, SiC 

[0 0 19] ^'7 7ri2i:ii, GaN. A 1 N, A 1 
GaN, InGaNftli/^It^t^ 01i.lf, 9 
0 0 "CttTOififtT, tnm^iba+nmOf JfM 
S^ctO^i L<ffl^4-l<h^T-i=4 0 lit /< 

^ * * »» «« t O W O ft^/PSE* S: i«fO + * f^ffl 
£*-*-4*>0-C&4 7t*^ GaNOi^C, -?-<0_L(C^ 
£ *t 4 ftlb$>**#: t (O^T-TEifc^fi v S: ffl v » 4 

[0 0 2 0] nffi3>** b»3li, affc*U**flfC» 
t?n, #tCG aNW 1 G a NtMSjlSi t* s «F 

&v*7> K-yottifl) nIS^mffl£7rrr*3ifiji::S>4 
#\ ifftCnfflSSl 0 «r^lt4 7 v w*Onffl3>J'^ Mf 
t LTfflv^4»-&tC{±, Si^GefWnl^Mi^F 

»<b*L, nffll^ffil 0t<7?««JgtJt?r^§<1-4-t35 s 
oTHt-e*4 0 

[0 0 2 1 ] nl777 F|4li, ftffctt¥*flfCJ&« 
£*U S i ^G emnnW^mW&V-y'Ztl.tzA 1 a 
Gai-aN (fit, Oia^l) -e^J££*t4 Z. t&ift 

4 OtKiS Sr *B&-T 4 - t *> «I1&T'& 4 o 
[0 0 2 2] 5£3tm 5 (is al7 7 7 

t^HInpAI,Gai-p-pN (fiL> 0<p^l, 
OSqSh 0<p + qSl) tMStL, ^C0«pr*t 
InbGai-bN (11 L, 0<b<l) -eMf&2tlZ> 1 1 
d^iLv^ (JJ.T, *^#tCi5V^r, InbGai-bN 

nGaNiV'K Lifih^> a ) » H3tS 5 
li> nffl5F*l»i:pfi^*l«<:nWfU, t O 

&*'&hm®.h-$hZ.h iT*§4* 5 \ ^ff^^lOnm 



-3- 



5 

& £ t kz «fc t) , fe*tftjj»A < *»o»jfe»$o*v>»*fl 
fc-f I nGaNi>f)i5 #F>J§ £r , <fc •) 

6 /o -y «r*»i-c*^«*-»^#P 

S K-S p SJiJ i^nl?7"; KB T**ffl-t h Z 

[0 0 2 3] pI?77K16l^ %7fc§5C0/N'> K*- 

I n«i A 1 vG ai-u-vN ({IU 0 ^ u < 1, 0Sv< 
1, 0Su + v<l) T'it?tll.^tWiLv>o 1 
#, P a?7;/K16li, igJlte&<7T : M£-ti:.5>7*.:& 

s-r^fflo-sp^, 5 zm.mmiizg.&.mtz:tfh 

mMLTWL&M-fiLL, pS?7 7 KB6 0j£gi&j£i:.fc 
^t, 5l#8c^T&i)<r>pM*9 y KJB6 

*imt%2>o c:<7)t#, #«3*'fcri*<b«;ft$-£&pa[ 
^5? KB 6 InxAlyGai-x-yN (11 

U 0±£x<K 0=Sy<K 0^x + y<l, v< 
y) , #CGaNtM?tl4^t**4ftL^. f&Tfcl 

f&-tz>zttfx'£2>tmm^ §%itm 5 <r>ni&7cm<r>m 30 
k £ 4 *atto*< 1: * i?*jh-r * * is* & c t * j 

[0 0 2 4] pSn>^^HB7{±, pM^lfct^K- 

£ffi;il8$-ti:.2>fcii>K, pM^-y y KB6 «t K+" 
■v y y*VJ>$ < , M g^O p M^M^ri* K- -f% tifz I 
ncGai-eN (11 U 0 S c S 1 ) "CfM1--l> i t * s *f 
* l»o 

[0 0 2 5] pl?l$tt LTIi, Mg, Z n, B e, 40 
C d T S 4 fSi: P St&fe&W <b *L* < , 

[0 0 2 6] ZZX\ pl?7 7 KB 6ipl^>?? 
hB7(±, ttft&Kftfflftft&t:: J: pin 

t©****^ pi>7 7 KB 6 RSKRjfc 
*l*JU«»t4^^t"«**iM!J: 4* J: •? 

i:ffift4^tCJ;»), P I3>^ hB 7Kfc(t.5> p 
S^*E^7C^UJt1-47jc^7C^oJt^75^ pM? 7 y K 
B 6 Ki$»74 pffl^tt«7C*U*ti-4**7C*«Jfc^J: 50 
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[0 0 2 7] pl^5 y KB 6c0^«B#OS:Id1 : I*1O^ 
H^**X«f<07X^SSli. 0 - 5 0%«0®Ht-r4^ t 
t5 ? T-#, J:"9»fL<(i. 1 0-2 0%T**4„ TK^iS 

B7 0TifeBt LTAftfiriBJIttSrftft-riii:* 1 ^* 
4„ 

[0 0 2 8] —77, pl3>? 7 KB 7 <Oj£gB#coRj£;. 
Wo^B^t?'* fcDTKititSli, o-20 %<D^H t 

4 0 **»JK*coiEHUl-4.i t\zi. *) . R*U*itt 

J-jlTt;»x.-l.- P I^77 K«6(zJt«LT 
pffl^lt^^T 7t7*y-t LT?f) t-iS14'ft§tL^ 3 -^" 
<^4 0 itn.itj, pIa>?7M7<oiI±t:i 
& pffl!l^te9 y ^«ttffitn:«r/h$ < Wx. 

[0 0 2 9] pl3>?? fB 711, -?-cD^jP^5nm 
fiOlOO nmfllTtt4iti*ffiL^o BH? 

*fcS*<5:*>, pffllSS9 y rygftfcjgtfto* 

If^cr^o —Tj, RH^l 0 0 nmU±T*li, figg^FCO 

[0 0 3 0] ±M<?>£i\Z&fal<D±.\Z$L&MfoZ1Xtz 
[0 0 3 1 ] 

[0 0 3 2] mmm l)ia2 (±*:»?g<7)*S|tRI 1 

[0033] 1 <o|ijfe«?dr**4gfkft*^# 

[0034] *Hit8l1ifHtt±»f'b*tfc+7 T-f 

«10iSJS$r 1 0 0 0 M^^5 'J y h ;u/ 

tK^^ 5 U y •CStUftd^afeS* 1 0 53- 
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10 0 3 5] ^C. ItlOgR^ 5 5 OtUSTIIT 
£-t*\ ^ t 'J 7 t L tit ^ 1 6 ] J 7 f ^/^fS 
L&ri^, 7>^-T^4 , j7FVfi\ TMG£4 0 

2 £ 2 5 nmOfn-fiSHt 

[0 0 3 6] &\Z^ TMGOttl&^it*!)T 1 0 5 01)^ 

1 3 'J 7 YA>/ftb 3 U y h^/^SLi^«b> T> 70 
^~7£4 U y h/U/59\ TMG£8 0 ^ m o L /53\ 
1 0 p p m*$Jtf> SiH4^10cc "C«»L 
S i ^ K-7lf:GaN^^^na3>^^ M 

3 «:2/imOff$-ej£ft£-£7to £ O J: t U LTflcft L 
/cnSn>^^ M3^f?gSii, 1. 5X10 18 / 

[0 0 3 7] nS^>'^^M3^ffim TMG t S 

1 H40ft#*iL*!>. ifiM* 7 5 0Ci:it»T? 
-*t\ 7 5 0ti:M^ * -V U TifTs t Ltii?: 1 4 

"J y h/u/55*t?»L&a f *>, 7>^^7H'J7^V 20 
53\ TMGH^rao l/:55\ TMI^S^mo 1/ 
53\ tft*Lt, 7>K-^Ino.2Gao.8N?5^i 
^>*-S^#^«3g<0**« 5 * 2 n mOJf S-CflEft? 

[0 0 3 8] Mi5^S6fL TM I Oft*S£ih£>, 

tmg«i^^^>ims^ i o 5 orufpjttr#a 

*4nmOfSt«ft§*, 1 0 5 0 TC Kit 

3 y v hfr/frX-ffiLte&b, T>^-7£ 30 

2 'J 7 b;t-/53\ TMG^4 O^mo 1 /55\ TMA£ 

3 ^ m o 1 /$h C paMg £ 0. 1 ^ mo 1 /5K "C 
MLt, Mg^ K A lo.osG ao.95N*<9 
ir^.pl^77 K«6£0. 2//mOf?-Cjlc«§^ 

iftJSti 1 5%-C*ofco -<0<fc ^ ^LTjSSL^pM^ 
7 7 K«6(±. MgSJS^l X 1 0 20 /cm 3 , 7jC# 
Wk8ttffo8X 1 0 19 /c m'-C&ofco 
[0 0 3 9] pi^7 7Kf6«Sli TMAOftft 
*jhft, *^J7^iLta*t**t^l 5. 2 40 
•JyhVSiO. 8 y h;u/*-e»L4**f>^ T> 
^e-7i4'j7M^ TMG^SO^mol/^ 
Cp 2 Mg?rO. 2/imo I /53\ tftiftUvMg* 
K-rH/cGaNHWpi^V^^ M7*50 

lt«gl/:pl^>^^ h if 7 12. Mg«JK**«jl X 
1020/ C m3, **IJ#ft4X 10'Vcm 3 fio 

[0 0 4 0] pS3>^ 7 M7^S{i TMG ^ C 50 
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P2Mg<Oft*&Srjh*, a*tl6'JyFV^ T> 

[0 0 4 1 ] ft, *«^JRfb^»-e**TMGfc. TM 
It. TMA t > CpzMglit^f+t'JT^ 

[0 0 4 2] £OJ:dfcLT«*Lfc»t#y*A*fl: 

*t-ti<, -*-0«ffi±i^ IfftCi^ -y*-^ 
(N i ) tife (Au) «:fJiW5nm^*?t^Ii: 
»WLfcft, 7*h'JV^77>fffit I !?x7hX7f> 

[0043] cof^, *aait**8 k»njL/ipffl3 

>?^> h5 7 0±t:cVDffii:i: *9 S i 02^<bi^« 

mm (H**r) *o. s^mofs-etus*, 7* 

[0 0 4 4] iE07^^tfv^ 

tpS^7 7K16^**«5S:ftO. 3/imOS?"C 
i*LT, nIa>^^H3 0$It»Bi?^:o 
[0 0 4 5] ±i&OXeof&. - .B > &i&JB£& ^x7h 

I^ml?c7)^^> (Ti) tO. 5//mS^)Au^ll 

it, -e^L-rttpfflimffi9 1 niamsi o 1 -to 

7 P 7X7CVDfet7^h , JV/77^fti:j:^ 
8 O^ffi 0. 2^m)¥cOSiO 

[0 0 4 6] ^of^. y-yrJ to^iki o*®£flfg 
It 1 0 0^m8JSt:it»< U 7;y7>(7'i:J: 

i:LT^7A|:gf L^t, f7^pltt9tnfl 

m*i o i*ti*-tiAT^±<o&mzyy(irx~mi£iL, 

05bfc^>f K* 2 0mAO«*|fil«IfSiL^i 
^^>, fcf-*jfcR4 7 0 nmOffet'Ml^o ^Ot 

3. 5VC*ofc 0 

[0 0 4 7] (Jttfcflll) JtttOfca&K, ±IE*Sfc«l 
U*3V*t\ pI^7 7K16^SSt^^:, ^tV7 
^tLta*i:**^17. 2'j7fV»k 
0. 8 y y h)l>/frxmL%&b, 7>*-Ti 2 V v 
Yfr/ft. TMGS:4 0 ju m o 1 /59\ TMA^3^m 
olA\ CpaMg^O. l/^mo t«l 
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T, Mg£ K--y?-^fcA lo.os Gao. 95 N^*b&£p 

pf^>^ hB7^/&fiB#<b[*Ii:<. 4%X*>^tz 0 
lOi^attSL^pI^?^ KB6li.Mg£tjS 
1 X 1 0 20 /cm 3 . *ffiS^4 X 1 0 19 /c 

nmtMU MttAlil. 1 mWt* *9 > JH^fttij 70 
f£mJ±ti3. 9VT~&o£o 

[0048] *c*it*aftw#*ffoawi»it 
i,z&\f&x&mfxv v*>7*-y*(D¥mnmt)2 6 o 

3 0$>k*§ < fcoTUlK ftitt^fiTLT^fco 
[0 0 4 9] (Jt««2) SfeKJfcttOfcAU, -LIB* 

Jfe«lUiJV^T. pln>^ hB 7 -SflRU. 
^rt'JT^t LTMf5f <h7Kf?t£#* 1 3 V 7 
t3'j7 h^/^^SfcL T>-*~T £ 4 «J * h 
A^/$5\ TMG£8 O^mo 1 /t5\ Cp 2 Mg^0. 20 
2 //mo I / -CMLt, Mg^ K-rS*7fcG a 
N^^^pl^>^^ M7^50 nmOSStSR 

^Oitftii, pl^77 KB 6 ^|BIC<. 15%t»*o 
tzo I<0J:^:ltg:Slf:pIn>^^ hB7Ji. M 
g*fttf f ftl X 1 0 20 /cm 3 . *Xftft4*ft8 X 1 0 

£2 0mAO«*|fi|taTIiLfcti^, tf-^?£S 

4 7 0 nmTftftU ^ffi^JtiO. 9raW^^ I JO 

[0 0 5 0] Jttt«2U45«t4affc»***0»»«jt 
H*»t4X*HI*fny *>^#-:/0¥ttipIl*^2 5 0 

[0 0 5 1 ] (XlfeM 2) i3 tt*5feWtf)*ifc« 2 K« 

[0 0 5 2] 2 -e**fiffcW**#*tt 

[0 0 5 3] *Ki«2U*v^T«, ±KH*0O1 

pI^77Kl6J, Mg£ K-7"£^^A lo.os 40 
Gao.9sN*i9 5r^*10pi^77 Kg 6 1 Mg 
£ K-7'^-^^G aNi^4-&*20pI^7 ? KB 6 
2 fc, OfWfc LfcJtt*W±. ±E*»«1 fcm«0#« 

[0054] *#»u*±. ±ie*js« i tmmw^mx 

5 S-C TMIOMtlt*. TMG^ 
itl^^^SSSS^l 0 5 oruiPjitTWiaSH*;*** 
3IS«J>>K-/OGaN mm-tt-f) 5:4 nm 
OHEST-ffifiS-ti:, 2£«iaK**l 0 5 OVliZmLtzh, 
**?*)T1f*t LTM^ii7jcm^#^ 1 5 V 7 YA>/% 50 
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TMG i: 4 0/imo 1 /5h TMAH^mo 
CpaMg^O. l M mo \ /ft. -CftlfrL 
Mgt K-^**fcA lo.osG ao.9sN^^^^m 
lOpi^77Kf6H0. ljumOlSfJtSS* 

pi^7 7 KB 6 1 li, Mg 1 x 1 0 20 /cm 

3 , 8 x 1 0 19 /cm 3 -C*ofco 

[0 0 5 5] JfcK. TMA^^jh^, t^VT^ 
t LTS^<i:7jc^^#^ 1 3 •) 7 Y)V/frt 3 U y h ^ 

G^80//mo 1 /tj\ C p2Mg £ 0 . 2/^mol/ 
7J\ tftl&Lt, Mg£ K-"/3*fcG aNjS><b&£* 
20pl^77 KB 6 2 5: 0 . l^m^SStSftH 

pi^77 KB 6 2<i. Mg*Si«l X 1 0 20 /cm 
3 , 7jc3R«JS* ? *5j 8 x 1 0 19 /cm 3 r^o^ 0 
[0 0 5 6] £<Z>J:?ULT. ilOpI^77M6 
1 t|2<0pl^77 KB 6 20li^^4^pl^7 

y kb 6 Lfcjawi. ±92**01 1 1 mm<o^-m 

X^itV^ir- KSrftRLfeo.i^**^^ K*2 
0mAOm*|pJ*afCJE»Lfcki^, t:-^7&«4 7 
OnmOffetMU:, COil^Mlil. 8 

[0 0 5 7] Ili&«2 ^^«t^a<t»*##o»B«it 

U^tt^X«@Iiffny^r>^*-ro^«iBii«;2 6 0 
tz Q 

[0 0 5 8] 

k^^^2c0pSB^*g e B B 14^S<«o^i:^J: *K 
[Offioffi^^^] 

[11] *»Wo-«o*JR^«**ffc»**flE»* 
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